their serotonergic system aft er injury in the central nervous system (CNS), I would like to introduce the concept of 'evorego' . In this case, 'evorego' refers to the idea of how we could also try to understand evolution by studying the diff erences and similarities in the regenerative ability between extant species.
In mammals, including humans, injury to the adult CNS usually causes an irreversible loss of function because of the inability of the mature CNS to regenerate. One of the main causes for the absence of recovery is the inability of injured axons to regenerate and reconnect with their appropriate targets. By contrast, teleost fi shes and lampreys are able to regain functionality aft er injury in the mature CNS. For example, both zebrafi sh and lampreys are able to recover locomotion that appears normal aft er a complete spinal cord transection [Becker and Becker, 2008; Barreiro-Iglesias and Rodicio, 2011] .
Recent studies have shown that serotonergic neurons have an impressive regenerative ability aft er spinal cord injury in both zebrafi sh [Kuscha et al., 2011] and lampreys [Cornide-Petronio et al., 2011] . Using a double labeling tract-tracing tech-'Evodevo' is an acronym from the words 'evolution and development' that is used to name the fi eld of life sciences focused on the study of diff erences and similarities in the developmental process of extant species with the aim of understanding how they have evolved from common ancestors. Th e 'evodevo' research fi eld has expanded greatly over the last century thanks to an increase in the number of research groups focusing their eff orts in this discipline and the appearance of science journals specifi cally devoted to publishing new advances in the fi eld (e.g. Evolution and Development ) or journals from a variety of disciplines that publish a considerable percentage of studies that use the 'evodevo' approach (e.g.
Brain, Behavior and Evolution ).
'Evodevo' researchers use a comparative approach to study a specifi c developmental process in diff erent but related species to understand the evolutionary process and try to identify primitive and derived characters, homologies, parallelisms or phenomena of convergent evolution. Here, using as an example recent data [CornidePetronio et al., 2011; Hawthorne et al., 2011; Kuscha et al., 2011] on the ability of diff erent vertebrate species to regenerate nique combined with serotonin immunofl uorescence, Cornide-Petronio et al. [2011] reported that axotomized brainstem serotonergic descending axons of lampreys regenerate spontaneously aft er a complete spinal cord transection and that these axons reinnervate levels below the injury site. Th e study by Kuscha et al. [2011] has also shown that in adult zebrafi sh, serotonergic fi bers partially reinnervate levels below the site of injury aft er a complete spinal cord transection and that the degree of reinnervation can be correlated with the degree of functional recovery. Nonetheless, a complete restoration of the serotonergic innervation below the level of injury never occurs in zebrafi sh and lampreys, even when the animals have regained normal locomotion.
Results in lampreys and zebrafi sh suggest that phenomena of plasticity and reorganization of the spinal circuits aft er injury help to achieve the recovery of function in these animals compensating for the incomplete regeneration of injured serotonergic axons. Th e reason why not all axotomized serotonergic axons regenerate through the site of injury in these animals is not yet known. An intriguing hypothesis is that it could be attributed to intrinsic factors of the serotonergic neurons since the extrinsic environment seems to be favorable for axonal regrowth.
Th e phylogenetic tree depicted in fi gure 1 indicates species in which the phenomenon of spontaneous regeneration of axo tomized serotonergic axons has been observed. Earlier studies reported the spontaneous regeneration of axotomized serotonergic neurons in molluscs [Murphy et al., 1985; Chiasson et al., 1994; Koert et al., 2001 ] ( fi g. 1 ). However, the recent studies in lampreys and zebrafi sh are the fi rst to show this phenomenon in vertebrate species. Although more studies are needed in other groups of bilateria, especially groups belonging to Ecdysozoa like Arthropoda or Nematoda, the current available data suggest that the ability to regenerate axotomized serotonergic axons in the mature nervous system may be an ancient character of bilateria. Given the data on molluscs, it is more parsimonious to argue that the ability of lampreys and zebrafi sh to regenerate axotomized serotonergic axons is due to shared ancestry than independent evolution. Th e fi ndings in lampreys and zebrafi sh are in marked contrast with the situation in mammals since spontaneous regeneration of serotonergic axotomized axons through the site of injury does not occur in these animals aft er a complete spinal cord transection [Deumens et al., 2005] ( fi g. 1 ). More studies in other groups of vertebrata (e.g. Amphibia, Chondrostei or Diapsida) are needed to determine when this character was lost along the line leading to mammals.
Remarkable sprouting of serotonergic axons has been reported in adult zebrafi sh at levels above the spinal cord site of injury before the axons start to regenerate and reinnervate levels below the injury site [Kuscha et al., 2011] . Profuse sprouting and branching of numerous serotonergic axons has been also observed at the site of spinal cord injury in the freshwater turtle Trachemys dorbignyi [Rehermann et al., 2009] . Interestingly, the recent study from Silver's group has shown that aft er a thermocoagulatory lesion in the rat frontoparietal cortex, serotonergic axons persist within the lesion edge and, by the third week post-injury, sprout robustly into the lesion cavity, whereas callosal axons become dystrophic and die back [Hawthorne et al., 2011] . Th is study confi rms previous reports showing that serotonergic axons in mammals also have a great ability to sprout aft er diff erent types of injury, e.g. chemical lesion in the brain [Zhou et al., 1995] and spinal cord injury [Inman and Steward, 2003; Camand et al., 2004] . Comparison of the current available data suggests that the impressive ability of serotonergic axons to persist and sprout at the site of injury is ancestral for vertebrates and that it was conserved during the evolutionary process leading to mammals, although they lost the ability to fully regenerate these axons.
Th ese recent studies serve as good example of an 'evorego' approach and open up very interesting questions, such as (1) 'What was the evolutionary or selective pressure that favored the loss of regenerative ability in the mammalian CNS during evolution?' , (2) 'Is there any selective disadvantage in presence of a high regenerative ability in the adult nervous system?' and (3) 'Was the loss of regenerative ability a selected adaptative trait or was it an epiphenomenon?' .
Th e use of 'evorego' animal models like lampreys or zebrafi sh may help to address these and other questions, as well as provide new clues to understand the evolution of regeneration. In addition, studying how these animals are able to regenerate their CNS aft er injury at mature stages of development could provide important information to propose new therapies for patients with CNS injuries. generation of serotonergic axons aft er injury has been reported to occur ( ≠ ) or not (X). Other key groups of vertebrata in which the phenomenon has not been studied were also included (indicated by question marks). Th e tree was constructed based on the data deposited in the 'Tree of life web project ' (Maddison and Schulz, 2007) . Note that not all groups of bilateria were included in the tree.
